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Objective: Severe or critical patients with coronavirus disease 2019 (COVID-19) are at increased 
risk for developing acute kidney injury (AKI). However, the rate of AKI in patients of different 
severities and independent predictive factors associated with AKI are not well understood.
Patients and Methods: We enrolled 107 severely or critically ill elderly patients with 
COVID-19 who were admitted to the intensive care unit (ICU) in Wuhan, China. AKI was 
defined according to the 2012 KDIGO criteria. We explored the association between AKI and in- 
hospital mortality using logistic regression. A predictive nomogram was formulated to predict 
the AKI development of patients with COVID-19 based on multivariate logistic regression.
Results: A total of 107 elderly patients were enrolled during the study period. The mean age was 
70 (64–78) years, and 69 (64.5%) were men. For the 107 patients, the degree of severity of 
COVID-19 was categorized as 37 patients with the severe type (34.6%) and 70 patients with the 
critical type (65.4%). Overall, 48 of the 107 patients (44.9%) developed AKI during their 
hospitalization, while AKI occurred in 7 (18.9%) out of the 37 severe patients and 41 (44.9%) 
out of the 70 critical patients. Of the AKI patients, 35.4% (17/48) required continuous renal 
replacement therapy, including 14.3% of AKI patients in severe cases and 39.0% of AKI patients 
in critical cases. Kaplan–Meier analysis demonstrated that patients with AKI had a significantly 
higher risk for in-hospital mortality than severely and critically ill patients without AKI. 
Multivariate logistic regression analysis showed that AKI (OR = 33.74; 95% CI = 3.34–341.29; 
P = 0.003), septic shock (OR = 15.58; 95% CI = 2.08–116.78; P = 0.008), invasive mechanical 
ventilation (OR = 18.44; 95% CI = 2.35–144.69; P = 0.006), and oxygenation index (OR = 0.99; 
95% CI = 0.98–1.000; P = 0.014) were independent risk factors for in-hospital mortality. 
A nomogram was established based on the multivariate analysis results. The C-index for the 
developed AKI model was 0.935 (95% CI, 0.892–0.978); when 10-fold cross validation was 
used to validate the model, the corrected C-index was 0.825.
Conclusion: AKI is common among COVID-19 patients admitted to the ICU and is recognized 
as a marker of disease severity. The proposed nomogram accurately predicted AKI development 
in ICU patients with COVID-19 based on individual characteristics. Therefore, the strategy for 
kidney protection against severe or critical pneumonia is appropriate.
Keywords: coronavirus disease 2019, acute kidney injury, diagnosis, nomogram, in-hospital 
mortality

Background
A novel coronavirus has caused coronavirus disease 2019 (COVID-19), which was 
first discovered in December 2019 in Wuhan, China, and has rapidly become an 
international outbreak of respiratory illness.1,2 Similar to severe acute respiratory 
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syndrome (SARS) and Middle East respiratory syndrome 
(MERS), COVID-19 is rapidly evolving and expanding, 
resulting in many hospitalizations, serious complications, 
admission to the intensive care unit (ICU) and death.3–6 

Despite significant improvements in health-care technol-
ogy in the ICU, such as the use of mechanical ventilation 
(MV), renal replacement therapy (RRT), and extracorpor-
eal membrane oxygenation (ECMO), the mortality of 
severe COVID-19 patients remains unacceptably 
elevated.7 One reason for this phenomenon may be that 
much attention was focused on pulmonary complications, 
while little attention was paid to other organ dysfunctions, 
such as acute kidney injury (AKI), which initially was 
reported with low incidence and could be considered 
negligible.6,8

In fact, AKI is a severe complication of COVID-19, 
especially in severe patients. The actual incidence in the 
ICU remains uncertain and may have been underesti-
mated due to either the retrospective design of the 
studies or the lack of clear AKI definitions.7,9,10 The 
close relationship between AKI and coronavirus infec-
tion was previously identified in the SARS and MERS 
epidemics, with an incidence of AKI in SARS of 6.7%, 
whereas the AKI prevalence was as high as 43.0% in 
MERS.11 According to data from Europe and the United 
States, AKI is prevalent in hospitalized patients with 
COVID-19 and has been reported to occur in 37% to 
46% of patients overall and up to 68% of patients 
admitted to the ICU.12,13 Furthermore, patients with 
serious infections, comorbid disease, and predisposing 
factors (eg, MV, sepsis, hypovolemia, and nephrotoxic 
drug use) were associated with AKI occurrence, and 
mortality was high in these AKI patients (SARS, 
91.7%; MERS, 70.0%).14,15 It is therefore important 
for clinical management to understand whether accom-
panying AKI is a bystander phenomenon or an impor-
tant marker of disease severity and a negative prognostic 
factor for survival.

Early recognition of AKI in COVID-19 and intensive 
surveillance and therapeutic measures to limit subsequent 
AKI or progression to more severe stages are crucial to 
reduce morbidity and mortality. Therefore, we aimed to 
investigate the incidence and diagnosis of AKI upon 
admission to the ICU in COVID-19 patients, examine the 
potential association between AKI and in-hospital mortal-
ity with different severities, and generate a nomogram 
model to predict AKI.

Patients and Methods
Study Design and Patients
We retrospectively analyzed patients diagnosed with 
COVID-19 hospitalized from February 4, 2020, to 
April 16, 2020. All patients who were enrolled in this 
study were diagnosed with COVID-19 according to the 
guidance provided by the Chinese National Health 
Commission. This study was approved by the National 
Health Commission of China and the Institutional 
Review Board at Huo Shen Shan Hospital (HSSLL028, 
Wuhan, China). The requirement for written informed 
consent was waived by the ethics committee of the desig-
nated hospital for patients with emerging infectious dis-
eases. We excluded patients younger than 18 years, those 
who had chronic kidney disease (CKD) stage 4–5, those 
who had less than 2 serum creatinine (Scr) examinations, 
and those who had a missing or incomplete medical his-
tory. Patients who only had 2 Scr assays with intervals 
longer than 7 days were also excluded because we could 
not ensure whether AKI developed.

Data Collection
After careful medical chart review, epidemiological his-
tory, clinical information, laboratory test, radiological 
assessment, complication, diagnosis during the hospital 
course, treatment and outcome data were obtained with 
data collection forms from electronic medical records and 
reviewed by a trained team of nephrologists. The informa-
tion recorded included demographic information, medical 
history, exposure history, underlying comorbidities, symp-
toms and signs, laboratory findings, chest computed tomo-
graphic scans, clinical management (ie, antiviral therapy, 
corticosteroid therapy, intravenous immunoglobulin ther-
apy, respiratory support, continuous renal replacement 
therapy [CRRT], and ECMO), and outcomes (including 
length of stay, discharge, and mortality). All patients' 
data accessed complied with relevant data protection and 
privacy regulations.

Definitions
The Scr criteria in the KDIGO guidelines were used for 
screening because retrospectively collected urine data can 
be inaccurate. The baseline Scr level was defined as the 
most recent measurement in the previous 3 months.16 

When there were no prior Scr records, we used the lowest 
Scr value during hospitalization as the baseline Scr 
level.17,18 The peak Scr level was the highest Scr level 
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reached during the episode. Acute respiratory distress syn-
drome (ARDS) was defined according to the Berlin 
definition.19 Septic shock was defined according to the 
Sepsis-3 criteria.20 Severe COVID-19 was defined if at 
least one of the following items was satisfied:21 (a) breath-
ing rate ≥30/min; (b) pulse oximeter oxygen saturation 
(SpO2) ≤93% at rest; or (c) ratio of partial pressure of 
arterial oxygen (PaO2) to fraction of inspired oxygen 
(FiO2) ≤300 mmHg (1 mmHg=0.133 kPa). Critical illness 
was defined if at least one of the following items was 
satisfied: (a) respiratory failure occurred, and the indivi-
dual required MV; (b) shock; or (c) failure of other organs, 
and the individual received care in the ICU.

Statistical Analysis
Continuous parametric variables are presented as the 
means ± standard deviations (SDs) or medians with inter-
quartile ranges based on the distribution of the variables. 
Categorical variables are presented as numbers (n) or 
percentages (%). Between-group comparisons of continu-
ous variables were performed using Student’s t-test or the 
Mann–Whitney U-test, and Pearson’s chi-squared or 
Fisher’s exact test was used for categorical variables. 
The probability of survival was estimated using the 
Kaplan–Meier method, and curves were compared using 
the Log rank test. Univariate and multivariate logistic 
regression analyses were performed to study the relation-
ship between AKI and mortality; variables with statistical 
significance were introduced in the stepwise logistic 
regression to adjust the effects of other covariates on the 
relationship between AKI and mortality. Furthermore, we 
developed a prediction model for AKI occurrence based 
on the variables at ICU admission. We used lasso logistic 
regression to select risk factors. Risk factors were selected 
when the Akaike Information Criterion (AIC) of the model 
reached a maximum. We included these selected variables 
in the final logistic regression to establish the prediction 
model for AKI. A nomogram was presented based on the 
prediction model we developed. Finally, the model was 
validated using 10-fold cross validation. The Harrell con-
cordance index (C-index) was used to assess the perfor-
mance of the prediction model. The higher the C-index is, 
the more accurate the model is. Statistical analyses were 
performed using SAS-9.3 and R version 4.0.2 to conduct 
the analysis. P-values <0.05 were considered to indicate 
statistical significance.

Results
Study Population
A total of 3059 consecutive hospitalized patients with 
confirmed COVID-19 were enrolled in this study between 
February 4 and April 16, 2020, and 126 of them were 
severe- or critical-type patients that required admission to 
the ICU. We ultimately excluded 19 patients, resulting in 
107 elderly patients who were eligible for the final ana-
lyses (Figure 1).

The baseline characteristics of patients at ICU admis-
sion are provided in Table 1. The median age was 70 
years; 64.5% of them were male (69/107), and 35.5% 
were female (38/107). The median duration from onset 
of symptoms to hospital admission was 15 (10–24) days 
and to ICU admission was 21 (14–32) days. The median 
length of hospital stay was 21 (10–36) days, and the length 
of ICU stay was 9 (4–15) days. Hypertension (73, 68.2%), 
cardiovascular disease (33, 30.8%), chronic obstructive 
pulmonary disease (23, 21.5%), diabetes (22, 20.6%), 
and cerebrovascular disease (19, 17.8%) were the most 
common comorbidities. One hundred patients (93.5%) 
showed multiple mottling and ground-glass opacities in 
the lungs on initial radiographs, and 106 patients (99.1%) 
showed bilateral patchy shadowing. Of the 107 patients, 
there were 37 patients with the severe type (34.6%) and 70 
with the critical type (65.4%). Ninety-nine patients 
(92.5%) required oxygen therapy, 67 (62.6%) were treated 
with noninvasive MV, and 55 (51.4%) were treated with 
invasive MV. CRRT was used in 20 (18.7%) patients, and 
ECMO was used in 4 (3.7%) patients, none of whom 
survived. The most frequently observed complications 
included ARDS in 48 (44.9%) patients, AKI in 48 
(44.9%), hypoproteinemia in 41 (38.3%), septic shock in 
38 (35.5%), and disseminated intravascular coagulation in 
9 (8.4%) during hospitalization.

On ICU admission, 43.0% (46/107) of patients had 
proteinuria, and 43.9% (47/107) had hematuria. The peak 
stages of 48 AKI cases were stage 1 in 35.4% (17/48), 
stage 2 in 18.8% (9/48), and stage 3 in 45.8% (22/48) 
(Table 2). During follow-up, a total of 51 patients (47.7%) 
died, including 40 patients with AKI and 11 without AKI, 
and 56 (52.3%) were discharged.

Comparison of AKI Incidence According 
to COVID-19 Disease Classification
For severe patients, AKI occurred in 7 (18.9%) patients: 
the proportions with stages 1, 2, and 3 AKI were 85.7%, 
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14.3%, and 0%, respectively. For critical patients, AKI 
occurred in 41 (44.9%) patients, and the respective propor-
tions were 26.8%, 19.5%, and 53.7%.

Among the 107 patients, patients with AKI were older; 
had a higher body mass index (BMI); had a higher preva-
lence of cardiovascular disease, cerebrovascular disease and 
CKD; and were accompanied by higher rates of ARDS and 
septic shock than patients without AKI. Patients with AKI 
were more frequently treated with noninvasive mechanical 
ventilation, mechanical ventilation, vasopressors, and CRRT 
and suffered from proteinuria, hematuria and oliguria. They 
also had significantly higher blood urea nitrogen (BUN) and 
uric acid levels as well as higher creatine kinase, lactate 
dehydrogenase, creatine kinase isoenzyme, cystatin C, 
D-dimer, C-reactive protein, procalcitonin, and lactate levels 
at the time of admission than patients without AKI. Low 
CO2, platelets, and oxygenation index were more common in 
patients with AKI. Indeed, baseline Scr, Scr on ICU admis-
sion, Scr on AKI diagnosis, and peak Scr levels during the 
hospital stay differed significantly between the 2 groups. 
Patients with AKI presented higher in-hospital mortality 

rates (83.3% vs 18.6%, P<0.001) and more frequently exhib-
ited stage 3 AKI.

Furthermore, among the 37 patients in the severe 
group, patients who developed AKI were older and were 
more likely to have cerebrovascular disease and CKD than 
patients without AKI. Patients with AKI were less likely to 
need glucocorticoids. They also had significantly higher 
uric acid levels and higher cystatin C levels at the time of 
admission than patients without AKI. Low leukocytes and 
platelets were more common in patients with AKI. Indeed, 
baseline Scr, Scr on ICU admission, Scr on AKI diagnosis, 
and peak Scr levels during the hospital stay differed sig-
nificantly between the 2 groups. Patients with AKI pre-
sented higher in-hospital mortality rates (28.6% vs 0%, 
P=0.007) and more frequently exhibited stage 1 AKI.

Indeed, among the 70 patients in the critical group, 
patients with AKI more frequently were treated with non-
invasive MV, invasive MV, vasopressors, and CRRT and 
suffered from septic shock and proteinuria. They also had 
significantly higher BUN and uric acid levels as well as 
higher lactate dehydrogenase, cystatin C, D-dimer, and 

Figure 1 Flowchart of the patient inclusion and exclusion process.
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procalcitonin levels at the time of admission than patients 
without AKI. Low CO2 and low platelets were more 
common in patients with AKI. Indeed, baseline Scr, Scr 
on ICU admission, Scr on AKI diagnosis, and peak Scr 
levels during the hospital stay differed significantly 
between the 2 groups. Patients with AKI presented higher 
in-hospital mortality rates (92.7% vs 37.9%, P<0.001) and 
more frequently exhibited stage 3 AKI.

Association of AKI and In-Hospital 
Mortality in COVID-19 Patients
Kaplan–Meier curves showed that survival was better in the 
non-AKI severe group than in the non-AKI critical group 
(Log rank all P < 0.001; Figure 2); the hospital survival rate 
decreased with disease progression. The survival of AKI 
patients was worse than that of patients with severe and 
critical disease who did not develop AKI (Log rank all P < 
0.001; Figure 2). After adjusting for BMI, diabetes mellitus, 
muscle ache, disease classification, albumin, aspartate ami-
notransferase, BUN, creatine kinase, lactate dehydrogen-
ase, creatine kinase isoenzyme, CO2, D-dimer, leukocytes, 
platelets, C-reactive protein, lactate, PH, PaCO2, PaO2, 
baseline Scr, Scr on ICU, peak Scr, ARDS, disseminated 
intravascular coagulation, oxygen therapy, need for vaso-
pressors, and noninvasive MV, the multivariable adjusted 
logistic proportional hazard regression model showed 
a significantly higher risk of in-hospital death in COVID- 

19 patients with AKI than in those without AKI (OR = 
33.74; 95% CI = 3.34–341.29; P = 0.003). The other inde-
pendent risk factors for in-hospital mortality included septic 
shock (OR = 15.58; 95% CI = 2.08–116.78; P = 0.008), 
invasive MV (OR = 18.44; 95% CI = 2.35–144.69; 
P = 0.006), and oxygenation index (OR = 0.99; 95% CI = 
0.98–1.000; P = 0.014) (Table 3).

Independent Predictors of AKI
A prediction model for the occurrence of AKI was con-
structed based on the multivariate model. Independent 
predictors of incident AKI in patients who developed 
AKI while in the ICU were baseline Scr, septic shock, 
invasive MV, need for vasopressors, and Scr on ICU 
admission, as well as uric acid, lactate dehydrogenase 
and platelets, based on the results of lasso logistic regres-
sion. We included these factors in multivariate logistic 
regression to develop a prediction model for AKI. That 
is, logit (P)= −19.51–0.66×baseline Scr+0.57×Scr on ICU 
admission +0.04×uric acid+0.0044×lactate dehydrogen-
ase-0.0083×platelets −0.95×septic shock+9.39×invasive 
MV+1.38×need for vasopressors. P indicates the possibi-
lity of AKI. Baseline Scr, Scr at admission and uric acid 
are the values of laboratory tests, and the unit is μmol/L; 
the unit of platelets is ×109/L. The unit of lactate dehy-
drogenase is U/L. For septic shock, a value of 1 means the 
patients experienced septic shock, whereas 0 means there 

Figure 2 Kaplan–Meier survival curves for patients with severe to critical COVID-19 with and without AKI during the time from hospital admission (Log rank test 
P < 0.001).
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was no occurrence of septic shock. For invasive MV and 
the need for vasopressors, a value of 1 means the treat-
ments were used, whereas 0 means the treatment was not 
used. A nomogram was presented based on the prediction 
model (Figure 3); based on the nomogram, we first scored 
each factor based on the points scale at the top of the 
nomogram and then summed the points of each factor. 
Finally, the AKI onset probability was obtained based on 
the bottom point scale of the nomogram.

The C-index for the development of the AKI model 
was 0.935 (95% CI, 0.892–0.978). We further used 10-fold 
cross validation to validate the model, showing that the 
corrected C-index was 0.825 and indicating that the model 
has good generalizability for patients with COVID-19 in 
the ICU.

Discussion
The present retrospective study demonstrates the statistically 
significant association between AKI and in-hospital mortal-
ity in ICU patients with COVID-19. Although COVID-19 
patients have a high risk of developing AKI, there is no 
information regarding the incidence and clinical significance 
of AKI in severely versus critically ill patients. The present 
study adds several novel findings by exploring the relation-
ship between AKI and mortality. First, AKI is a common 
complication in COVID-19 ICU patients, and more than 
44% of inpatients develop AKI during their hospital stay. 
Second, as COVID-19 pneumonia progresses, the incidence 
of AKI increases significantly; this proportion is 19% in 
severe patients and increases to 45% in critical patients. 
Third, compared with that of severely or critically ill patients 

Table 3 Univariable and Multivariable Logistic Regression Analyses for In-Hospital Mortality with Coronavirus Disease 2019

Charcteristics Univariable Analysis Multivariable Analysis

OR (95% CI) P OR (95% CI) P

AKI 21.81 (8.00–59.46) <0.001 33.74 (3.34–341.29) 0.003

Invasive mechanical ventilation 112.00 (27.35–458.68) <0.001 18.44 (2.35–144.69) 0.006
Septic shock 64.80 (13.97–300.61) <0.001 15.58 (2.08–116.78) 0.008

Oxygenation index 0.99 (0.98–0.99) <0.001 0.99 (0.98–1.00) 0.014

Body mass index 1.36 (1.11–1.68) 0.004
Diabetes mellitus 2.92 (1.08–7.89) 0.035

Muscle ache 3.03 (1.32–6.96) 0.009

Critical vs severe 40.83 (8.99–185.56) <0.001
Albumin 0.85 (0.76–0.94) 0.002

Aspartate aminotransferase 1.02 (1.00–1.04) 0.012

BUN 1.22 (1.08–1.37) 0.001
Creatine kinase 1.00 (1.00–1.01) 0.035

Lactate dehydrogenase 1.01 (1.00–1.01) <0.001

Creatine kinase isoenzyme 1.18 (1.09–1.28) <0.001
CO2 (mmol/L) 0.89 (0.81–0.97) 0.011

D-dimer (mg/L) 1.11 (1.02–1.21) 0.013

Leucocytes 1.08 (1.01–1.15) 0.015
Platelets 0.99 (0.99–1.00) 0.003

C-reactive protein 1.01 (1.01–1.02) <0.001

Lactate 2.47 (1.58–3.87) <0.001
PH 0.00 (0.00–0.17) 0.007

PaCO2 1.05 (1.02–1.09) 0.006

PaO2 0.98 (0.97–0.99) 0.003
Baseline Scr 1.04 (1.01–1.07) 0.013

Scr on ICU 1.02 (1.00–1.03) 0.018
Peak Scr 1.02 (1.01–1.03) <0.001

Acute respiratory distress syndrome 7.24 (3.07–17.05) <0.001

Disseminated intravascular coagulation 10.23 (1.23–84.98) 0.031
Oxygen therapy 0.11 (0.01–0.96) 0.046

Need for vasopressors 38.64 (10.48–142.49) <0.001

Non-invasive mechanical ventilation 51.72 (11.30–236.74) <0.001

Abbreviations: AKI, acute kidney injury; BUN, blood urea nitrogen; ICU, intensive care unit; Scr, serum creatinine; OR, odds ratio; CI, confidence interval.
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without AKI, the in-hospital mortality was higher in the AKI 
patients. This phenomenon suggests that AKI can be viewed 
as a marker of disease severity and a negative prognostic 
factor for survival.

The etiology of AKI in patients with COVID-19 is 
likely to be multifactorial. First, the novel coronavirus 
may exert direct cytopathic effects on kidney tissue. 
Recent human tissue RNA-sequencing data have demon-
strated that angiotensin-converting enzyme 2 (ACE2) 
expression in the kidney is much higher than that in the 
lungs. Therefore, AKI may be caused by coronavirus 
entering kidney cells through an ACE2-dependent path-
way. Second, deposition of immune complexes of viral 
antigen or virus-induced specific immunological effector 
mechanisms may damage the kidney. Third, virus-induced 
cytokines or mediators might exert indirect effects on renal 
tissue, such as hypoxia, shock, and rhabdomyolysis. 
However, other risk factors may also contribute to AKI 
onset, particularly in critically ill patients. First, most 
COVID-19 patients with AKI are older and have frequent 
comorbidities, such as hypertension; these factors are well- 
known factors of kidney injury. Second, the fundamental 

pathophysiology of pneumonia in critically ill patients is 
severe ARDS, and impairment of gas exchange and severe 
hypoxemia (with a median oxygenation index at 130 [77– 
255] mmHg at ICU admission in our cohort) have been 
recognized as factors associated with AKI. Third, the 
pathophysiology of AKI in the ICU currently relies on 
unspecific mechanisms, such as septic shock, hypovolemia 
and subsequent prerenal AKI, nephrotoxic drugs, injurious 
MV strategies such as permissive hypercapnia or permis-
sive hypoxemia and positive pressure ventilation and 
a high level of positive end-expiratory pressure.

Multiple previous observational studies have been pub-
lished, and the incidence of AKI is scant, varying from 
8.3% to 68% in ICU patients13,22–25 and 0% to 46% in 
non-ICU patients.6,9,10,22,25–28 However, we cannot com-
pletely explain this difference. One possible explanation is 
the design of the study or the AKI definitions. For exam-
ple, one multicenter 1-day cross-sectional prospective 
study by Yu et al, which assessed 19 ICUs with 
a median age of 64 years in Wuhan, found that AKI 
occurred in 25.2% (57/226) of patients.23 Interestingly, 
another prospective observational cohort of 257 COVID- 

Figure 3 Prediction nomogram for predicting the AKI onset probability of patients with coronavirus disease 2019. Prediction of the patient’s value is located on each 
variable axis, and a line is drawn upward to determine the number of nomogram points for predicting the AKI probability of patients with COVID-19. The sum of these 
numbers is located on the total points axis, and a line is drawn downward to the predicted axes to determine the likelihood of AKI (C-index: 0.935; 95% CI, 0.892–0.978).
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19 critically ill patients in New York City lacked data on 
AKI.29 Importantly, the present method of detecting AKI 
is mainly based on acute changes in Scr, and the frequency 
of Scr tests has a substantial impact on the detection rate. 
Therefore, the familiarity and awareness of the definition 
of AKI by clinicians also determine the incidence or 
recognition rate of AKI. Thus, to improve the early detec-
tion of AKI, more frequent Scr measurements should be 
performed in patients with COVID-19.

MV is the main supportive treatment for severe 
patients. We found that patients with AKI were more 
likely to undergo MV and that the oxygenation index 
was low in such patients, suggesting that AKI during the 
hospital stay represented an increased risk of deterioration. 
Endotracheal intubation and invasive MV were needed in 
51.4% of the patients, whereas the proportion that needed 
invasive MV was as high as 81.3% in AKI patients. The 
need for invasive MV in our cohort was higher than that 
recently reported for other ICU patients: 47.2% (Wuhan, 
China),22 42% (Wuhan, China),24 37.6% (Wuhan, 
China),23 and 15% (Wuhan, China),25 and higher than 2 
Chinese studies of COVID-19 severe or critical patients 
(with rates of 31.5% at three hospitals in Wuhan, 
Shanghai, and Anhui, China,30 and 21.2% in Wuhan, 
China,31) but lower than the rate of 88% reported in the 
Lombardy region, Italy,3 71~75% in Washington and 79% 
of New York, US,4,5,29 and 62.5% in a nationwide analysis 
in China.32 The higher proportion of patients requiring 
invasive MV in our cohort was due to acute hypoxemic 
respiratory failure that required respiratory support. The 
oxygenation index was lower in our patients than in 
patients admitted in Italy, where the median level of oxy-
genation index at ICU admission was 160 (114–220),3 but 
similar to that of patients admitted in the USA, with an 
oxygenation index of 129 (80–203),29 as the median oxy-
genation index in our population was 130 (77–255), indi-
cating that this level is associated with the severity of 
illness and thus prognosis.

It has been reported previously that AKI was asso-
ciated with an increased risk of death in patients with 
SARS and MERS. In-hospital mortality in patients with 
COVID-19 was 47.7% overall, including 83.3% of 
patients who experienced AKI and 18.6% of patients with-
out AKI. Indeed, in-hospital mortality in patients with AKI 
was 28.6% in severe patients and 92.7% in critical 
patients. A previous study reported different mortality 
rates in severely and critically ill patients, from 16.7%,22 

to 26.0%,3,30 35.0%,12 39.0%,29 43.6%,33 50.0%,4 

61.5%,24 and 67.0%.3 In a recent observational, retrospec-
tive study of 1406 AKI patients with COVID-19 in 
New York City, in-hospital mortality was 41% overall 
and 52% in the ICU.13 The mortality rates increased if 
the follow-up time was prolonged. However, the criteria 
for ICU admission were different among the studies, 
which was another reason for the different mortality rates.

Severely or critically ill patients have a high risk of 
developing AKI. When AKI develops, AKI is usually an 
indicator of more severe disease and multiorgan dysfunc-
tion, so kidney function protection should be an important 
part of clinical treatment. The study first developed 
a nomogram model to accurately predict AKI onset in 
ICU patients with COVID-19 based on individual charac-
teristic risk factors. The predictive nomogram performed 
well in predicting AKI, supported by the C-index (0.935; 
95% CI, 0.892–0.978). In our study, CRRT was used in 
14.3% of severe AKI patients, compared with 39.0% of 
critically ill patients during the study. One unexpected 
finding was that 17 (35.4%) AKI patients and 3 (5.1%) 
non-AKI patients who underwent CRRT died. Future stu-
dies should investigate the early initiation of RRT and 
sequential extracorporeal therapies as a means to provide 
adequate organ support and to prevent the progression of 
COVID-19 severity. Classical assessment of AKI is still 
based on Scr and urine output, but they represent indica-
tors of only established kidney damage.

As AKI was an independent risk factor for in-hospital 
mortality, we developed a prediction model for the occur-
rence of AKI. Based on baseline Scr, septic shock, inva-
sive MV, need for vasopressors, and Scr on ICU 
admission, we can predict AKI with a C-index of 0.935. 
When validating the model using 10-fold cross validation, 
the C-index still reached 0.825, which means good gen-
eralizability and performance of the model we developed. 
Awareness of these characteristics may be a useful tool to 
help physicians predict AKI during hospital stay.

The study had the following limitations. (1) First, this 
is a single-center retrospective study, and a total of 107 
severely and critically ill patients admitted to the ICU 
were included. However, the population from which they 
were sampled was much larger than that of the three 
studies previously published.22,24,25 We included all severe 
patients who were cared for in the ICU of Huo Shen Shan 
Hospital and met the inclusion criteria. Due to the explora-
tory nature of the study, which was not driven by formal 
hypotheses, sample size calculation was waived. Instead, 
we hope that the findings presented here will encourage 
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a larger cohort study or potentially some randomly con-
trolled trials. (2) Second, some specific information from 
the ICU was incomplete, such as urine output, which is 
one component of the KDIGO definition; therefore, the 
incidence of AKI might have been underestimated. 
Additionally, in some cases, there was incomplete docu-
mentation of the history or laboratory findings in the 
electronic database even after making efforts regarding 
feedback and recollection. Some diagnoses of coexisting 
illness were from patients’ self-reports at admission, which 
might lead to recall bias. Although the cohort had broad 
coverage of all patients and regions, nonresponse bias 
cannot be fully excluded. (3) Third, we lacked data from 
the time after discharge. Therefore, we could not assess the 
effects of COVID-19 on long-term survival and kidney 
function.

Conclusion
The prevalence of AKI among COVID-19 patients 
admitted to the ICU was high. AKI is considered 
a marker of disease severity and a negative prognostic 
factor for in-hospital survival. The nomogram proposed 
in this study objectively predicted AKI development in 
COVID-19 patients in the ICU. Therefore, the strategy 
for kidney protection against severe or critical pneumonia 
is appropriate.
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